We wanted to provide training in the use of drawover techniques and apparatus at an Australian teaching hospital. Equipment based on the Diamedica vaporiser was selected as it is suitable for use with sevoflurane. A lack of standards specific to drawover equipment from either anaesthetic professional bodies or national standards authorities hinders introduction of such equipment to Australian hospitals. Two systems were purchased, the Diamedica Portable Anaesthesia System and a Glostavent anaesthetic machine. Changes made to the equipment to increase its safety and to comply with Australian standards are described.
Anaesthetic machines used in Australia and New Zealand to deliver oxygen, air, nitrous oxide and vapour are becoming increasingly complex, with many mechanical components being replaced by electronically controlled equivalents. Electronically controlled machines are acceptable in a technically advanced environment. In the developing world where both electricity and gas supplies cannot be relied upon, there remains a major role for anaesthetic equipment which can safely function in such settings. Drawover apparatus is designed to deliver anaesthesia without compressed gas supplies or with only minimal oxygen supplementation, and as such is ideally suited for use in circumstances of logistic and physical constraint and in hostile environments such as military, disaster and refugee relief settings.
We wanted to provide training in the use of drawover techniques and apparatus at a teaching hospital in order to equip anaesthetists with the necessary skills to administer drawover anaesthesia in medical outreach to remote areas or disaster relief efforts prior to re-establishment of basic services. In addition, we believe that trainees learning drawover anaesthesia will improve their understanding of vaporiser and circuit design as well as refining their technical skills.
We chose the Diamedica vaporiser (Diamedica UK Ltd, Bratton Fleming, Devon, UK) over the Oxford Miniature Vaporizer, the latter being probably the most widely used drawover vaporiser worldwide. The main reason for this choice was that we intended to use it with sevoflurane. While the Oxford Miniature Vaporizer can be used with sevoflurane, it may require the use of two vaporisers in series to produce sufficient concentrations to allow inhalational induction 1,2 . In addition, the Diamedica vaporiser holds a larger volume of agent and is less likely to be knocked over. At the time of purchase, the Diamedica vaporiser was supplied for use in two platforms: the Diamedica Portable Anaesthesia System (DPA01) and the mains-powered Glostavent system that extends the basic design to provide similar functionality to a contemporary anaesthetic machine. Features of the Glostavent system include an oxygen concentrator, air supply, a mechanical ventilator that is highly efficient in terms of driving gas usage 3 and a combination voltage stabiliser and uninterruptable power supply. Both pieces of equipment comply with the International Standards Organisation document ISO/TS 18835:2004 Inhalational anaesthesia systems -Draw-over vaporizers and associated equipment 4 .
The Diamedica equipment is specifically designed to be used in remote areas of developing countries with limited access to medical gas and to be both simple and rugged enough to operate effectively with minimal technical support and ongoing maintenance. As only two Glostavents and a few DPA01 units have been sold to Australia (J. Laursen, Diamedica, personal communication), there is little general knowledge of, or experience with, their routine use in the Australasian teaching hospital setting.
We encountered unexpected resistance to the introduction of drawover equipment in the teaching hospital environment of the John Hunter Hospital, a 600-bed tertiary referral centre for 1.2 million people. Preliminary discussions highlighted a number of problems.
The revised 2011 Australian and New Zealand College of Anaesthetists (ANZCA) T3 document "Minimum Safety Requirements for Anaesthetic Machines for Clinical Practice" 5 specifically excludes this type of apparatus from its scope of reference (point 1.5.4) and there is currently no directly applicable Australian and New Zealand Standard for drawover anaesthesia. In the absence of formal standards, we sought to improve some safety aspects of the equipment with respect to safe handling of anaesthetic agents, waste gas scavenging and electrical safety. In addition, there was a need to provide suitable education for both medical and nursing staff in order to allay prejudices in regard to the introduction of unfamiliar and superficially simple anaesthetic equipment.
MATERIALS AND METHODS
Upon delivery, a number of potential issues were identified with the Diamedica equipment. Three main areas of concern were: 1) The filling system for the Diamedica vaporiser
The Diamedica vaporiser was designed to be filled from an open bottle using a funnel. While this may be useful in situations where different agents from different suppliers are used, we intended to use only sevoflurane from the keyed containers supplied to the hospital by Abbott. In our view, the funnel fill system posed a risk of filling the unit with the incorrect agent. It was also felt that using mechanical means to defeat the valve release filling systems on the Abbott sevoflurane containers reinforced prejudice that the equipment was somehow unsafe.
2) Waste gas scavenging
The DPA01 was not supplied with any scavenging options and the scavenger fitted to the Glostavent system is a low pressure, fan-assisted exhaust transfer device, unsuitable for direct connection to the hospital medical suction system.
3) The electrical safety of the Glostavent system
The power supply for the Glostavent system features a commercial grade 1KVA DC link voltage stabiliser and uninterruptable power supply, specifically selected to support the oxygen concentrator drive motor through voltage dips, spikes and frequency changes commonly experienced with poorly regulated electrical power distribution systems and generators. It should be emphasised that this is the power supply for the oxygen concentrator only, and there is no electrical connection from this equipment to the patient: however when tested, the earth leakage current of 3 milliamps from this device was outside the acceptable limit for medical equipment used in Australia (<1 milliamp) 6 .
SOLUTIONS
Agent-specific filling was achieved by machining an adapter to house components obtained from the filling system of a scrapped Blease Datum L series sevoflurane vaporiser (Spacelabs Healthcare Ltd, Chesham, Bucks, UK). The adapter was then fitted to the Diamedica vaporiser to replace the metal screw cap and tightened to a point where it appears to be a non-removable component. The result is an effective, safe and familiar way to fill and replenish the Diamedica vaporisers used on both the DPA01 and Glostavent systems.
To enable scavenging for the DPA01, a stable wheeled mount with a low centre of gravity was adapted to support both the vaporiser and an open interface scavenger. These CIG Medishield bassoon style fittings were previously supplied to be retrofitted to older Boyle's equipment. To the best of our knowledge they are no longer commercially available, although they can easily be reproduced. The same scavenger was fitted to the Glostavent system in an unobtrusive manner and within the margin of the frame for mechanical protection. A hose and sleeve indexed fitting then connect each scavenger to the hospital medical suction system. Low suction of about 30 litres per minute is normally used with this system.
The Laerdal Ambu valves, used for the patient connection on both the DPA01 and Glostavent systems, were each fitted with a standard Ambu positive end-expiratory pressure diverter. This device is usually used to allow the fitting of a positive endexpiratory pressure valve to an Ambu Bag. A 30 mm plastic adapter was machined to connect the positive end-expiratory pressure diverter exhaust to lightweight 22 mm scavenge tubing, although subsequently a commercial fitting was obtained (Intersurgical connector 22M-30F reference #1971, Intersurgical Ltd, Workingham, Berkshire, UK). The 22 mm tubing provides a flexible, low resistance connection to the open interface scavenger on each system. Finally, a 1KVA 240V mains isolation transformer (Type EI-20493 manufactured by Star Delta Transformers, Yennora, NSW, ~$535) was attached to the rear of the unit to power the DC link voltage stabiliser and uninterruptable power supply. The transformer reduced the earth leakage current of the system to <200 microamperes, a level well within Australian standards 6 .
DISCUSSION
While the need for drawover equipment in an Australian teaching hospital could be disputed, there certainly will be an important ongoing role in the developing world and military settings. We believe that there are valuable lessons to be learnt from the use of this equipment for anaesthetic trainees in both Australia and New Zealand.
Successful use of drawover techniques requires technical proficiency, particularly when using a facemask, as well as a thorough understanding of the dynamics of the breathing circuit used and vaporiser operation. These basic skills and knowledge remain at the core of provision of safe anaesthesia and are in danger of being lost as technology becomes increasingly complex.
In addition, as anaesthesia machines become ever more reliant on stable power and gas supply, drawover anaesthesia remains a valuable alternative in the event of natural disaster or other circumstances where the status quo is overturned. While such situations might be considered unlikely to arise, at our own hospital, within the last 20 years, we have had an earthquake, a major oxygen pipeline disruption and a bushfire within 10 m of the building.
We made strenuous efforts to maintain the appearance of the equipment as close as possible to the original, so that users coming across such equipment in remote locations would maintain their familiarity and confidence. Most of the parts used were opportunistically sourced from broken or outdated equipment, as is often done in the developing world. Neither the filling mechanism nor the scavenger is available commercially, but similar parts may be available to suit local situations. Similarly the solution for key-specific filling could equally be applied to isoflurane by using the appropriate filler from a redundant vaporiser. Similarly the stand for the DPA01 was constructed from the base of an intravenous stand and some workshop scraps.
The fitting of the transformer was also unobtrusive. This modification was required only to meet the Australian and New Zealand Standard, and not as a direct patient safety measure, as there is no patient electrical connection to this equipment.
We believe that the alterations we have made address the most important safety issues related to the use of our equipment in an Australian teaching hospital environment, as long as it is used in conjunction with appropriate monitoring as per ANZCA PS 18 7 . The new ANZCA T3 also highlights the requirement for direct supervision by anaesthetists experienced in the principles and use of field equipment and the approval of the department head (point 1.5.4.1) 5 .
Our experience highlights the need for an ANZCA document to facilitate the introduction of drawover apparatus in Australian and New Zealand hospitals. The International Standards Organisation document ISO/TS 18835:2004 Inhalational anaesthesia systems -Draw-over vaporizers and associated equipment 7 would form an excellent basis for such a document.
The formulation of an ANZCA technical document similar to ANZCA T3 would be of great assistance to those seeking to select and set up similar equipment. This would also address concerns mainly arising from unfamiliarity and ignorance that drawover equipment is in some way experimental or dangerous and confirm its status as a valid technique with an excellent safety record. This is of importance to both Australian anaesthetists wishing to teach and use drawover, as well as to our colleagues working in more difficult circumstances where it may well be the technique of choice where general anaesthesia is required.
